Since peroxidase and manganese have been implicated in both auxin destruction and ethylene production, the effect of auxins and high tissue levels of manganese on the peroxidative indoleacetic acid oxidase system and the internal level of ethylene was determined in cotton (Gossypium hirsutum L.
noxyacetic acid or indoleacetic acid, the internal levels of ethylene were increased to above 6.6 microliters per liter air in cotton plants, and levels of this magnitude were maintained for a 72-hour period of observation. Modification of peroxidase and indoleacetic acid oxidase activity in auxintreated plants definitely occurred well after the elevation of internal ethylene levels. While ethylene levels and indoleacetic acid oxidase activity were increased by both experimental approaches, the earlier appearance of increased ethylene indicates that the peroxidative indoleacetic acid oxidase system in cotton is not involved in ethylene synthesis or that this enzyme is not the rate-limiting factor when ethylene synthesis is increased. Ethylene, as well as auxin destruction, may be involved in some of the long term plant responses to toxic levels of manganese. The findings also suggest that auxin-induced ethylene may play a role in the elevation of peroxidase and indoleacetic acid oxidase activity eventually seen in extracts of plants treated with auxins. The data support the assumption that the enzymatic portion of the indoleacetic acid oxidase system in cotton is a peroxidase. Thimann's observation, sufficient evidence has been accumulated to define the major substance responsible for auxin activity as indole-3-acetic acid and to attribute the destruction of IAA within the plant, primarily, to a peroxidase-based enzyme system generally known as IAA-oxidase (11, 15, 20, 28, 34, 37) . By virtue of its role in limiting the supply of IAA within the plant, the IAA-oxidase system has been recognized as a plant growth regulatory mechanism.
The potential role of the IAA-oxidase system as a plant growth regulatory mechanism assumed new dimensions with Yang's (39) discovery that an enzyme system strikingly similar to the peroxidative IAA-oxidase system is capable of synthesizing the plant hormone ethylene. If this ethylene-synthesizing system functions in vivo, the growth regulatory activities of the peroxidative IAA-oxidase system may encompass those areas in which ethylene is involved as well as the growth phenomena associated with IAA. This additional regulatory role for peroxidases is supported by their association with in vitro ethylene synthesis in several studies (22, 23, 25) .
The micronutrient manganese has been implicated as a cofactor in both the IAA-destroying system (15, 20, 21) and the ethylene-synthesizing system (1, 39) . High levels of substrate manganese resulting in high levels of tissue manganese reportedly increase both the peroxidase activity and the IAAoxidase activity in cotton (31, 35) . The evidence also suggests that higher than normal levels of tissue manganese may affect flower differentiation in cotton (3, 18) . Both ethylene and peroxidase have been implicated as factors affecting tissue differentiation in certain other plant species (6, 9, 17, 32) .
After our study was completed. Kang et al. (19) published evidence that peroxidase is not the rate-limiting enzyme in auxin-induced ethylene synthesis in subapical sections of etiolated pea seedlings. Our own studies were undertaken realizing that, even if the peroxidase-based enzyme system in not involved in in vivo ethylene synthesis, additional information is needed for a fuller understanding of the system's activity.
We report here observations of the changes of the activity of the peroxidative IAA-oxidase system and ethylene levels in cotton after treatments which are known to promote peroxidase activity and ethylene synthesis. For the intact, vegetative cotton plant these treatments are supraoptimal levels of substrate manganese (31, 35) and supraoptimal levels of auxin (27, 30 ment in a manner similar to that described for the manganesetreated plants.
Ethytene Assays. Internal ethylene concentration was determined by gas chromatography with the vacuum extraction method of Beyer and Morgan (4) . The details of the chromatographic procedure of ethylene analysis and the verification of ethylene identity were as previously reported (26) .
Enzyme Extraction. All extraction procedures were carried out in a cold room or ice bath at 0 to 5 C. Frozen tissue was ground by hand with mortar and pestle and some purified quartz sand in 3 ml of 0.1 M K2HPO4 containing 2 mm EDTA tetrasodium salt per g plant tissue (23, 28) . The brei was squeezed through four layers of cheesecloth and centrifuged at 30,000g at 0 C for 20 min, and the supernatant was brought to a volume of 4 ml per g tissue with buffer. This resulted in a crude extract with a pH of approximately 7.2.
The crude extract was dialyzed in the cold against five changes of glass-distilled water for 72 hr to remove the endogenous inhibitors. After dialysis the extract was centrifuged at 30,000g at 0 C for 10 min and the supernatant was diluted 1 to 10 with glass-distilled H,O for use in IAA-oxidase and peroxidase assays.
IAA-Oxidase Assay. The IAA-oxidase activity of the dialyzed extracts was determined after dialysis with the use of a manometric technique (28) modified by deletion of riboflavin from the reaction medium. Flasks containing 1 ml of diluted enzyme extract were assayed in light by placing a 200-w incandescent bulb directly above the Warburg assembly. Duplicate flasks were assayed, and reagent blanks containing boiled extract were used to adjust for any 02 uptake due to light, reagents, or nonenzymatic substances in the extract.
Peroxidase Assay. Total peroxidase activity was measured by following the change in absorbance at 460 nm due to the oxidation of o-dianisidine in the presence of H202 (38) . The units of activity reported from duplicate assays of samples correspond to the same quantity of enzyme used in the IAAoxidase assays. One unit of peroxidase activity is that amount of enzyme decomposing 1 jtmole of H202 per min at 25 C.
Tissue Manganese Assays. After determination of internal ethylene levels, these samples were thoroughly washed in distilled water, rinsed in glass-distilled water, pressed between paper towels, dried in a forced draft oven, and ground in a Wiley mill. Approximately 1-g samples of the ground material were ashed at 550 C, and extracts were prepared (12) . The manganese content of these extracts was determined by atomic absorption spectrophotometry.
Statistical Procedures. The data reported were subjected to analysis of variance and correlation analysis as indicated (33 The relationship between peroxidase activity, IAA-oxidase activity, and internal ethylene concentration is not sufficiently distinguishable from the data in Table I to allow conclusions regarding cause and effect. Internal ethylene concentration was correlated with both IAA-oxidase activity and peroxidase activity only at extremely high levels of tissue manganese at 17 days after treatment initiation (correlation coefficients of +0.91 and +0.88, Table I ). This was the point at which the initial, significant increase in both IAA-oxidase and peroxidase activities occurred. However, a significant change in ethylene synthesis was detected at 15 days after treatment initiation, a time when there was a nonsignificant trend for an increase in peroxidase activity and no increase in IAA-oxidase activity. The data suggest that ethylene synthesis may be altered before the change in peroxidative IAA-oxidase activity is expressed.
Auxin Treatments. The time sequence of the effects of foliar applications of IAA and 2,4-D on internal ethylene concentration, peroxidase activity, and IAA-oxidase activity of cotton plants are summarized in Table II . Neither peroxidase activity nor IAA-oxidase activity increased significantly due to auxin at 8 hr after treatment. However, at this time the internal ethylene concentration of cotton tissue was greatly increased by both auxin treatments. At 25 hr after treatment, IAA-oxidase activity increased signficantly in response to the 2,4-D treatment, but the trend of increasing peroxidase activity was not statistically significant. By 72 hr after treatment, the extracts of both the IAA-and the 2,4-D-treated plants significantly increased in peroxidase activity and IAA-oxidase activity as compared to the extracts of the untreated plants. There was a highly significant, positive correlation between these enzymatic functions throughout this experiment, as indicated by an r value of +0.948 (Fig. 2) .
Increased internal ethylene levels clearly preceded changes in either peroxidase or IAA-oxidase activity (Table II) . After the initial dramatic rise in internal ethylene levels, there were some fluctuations associated with the two different auxins, but concentrations above 5 ,ul ethylene per liter persisted for the 72-hr experimental period. The experiment was designed to give a major alteration of ethylene levels with the two auxins and not to compare them. Neither peroxidase activity nor IAA-oxidase activity appeared to be directly related to internal ethylene concentration (thus to ethylene synthesis) at 8 hr after auxin application. This conclusion is supported by the nonsignificant correlation coefficients of +0.107 and -0.100 at this point (Table II) Both exogenously applied IAA and 2,4-D greatly enhanced ethylene synthesis in cotton, as has been reported by others (13, 27, 30) . Peroxidase activity and IAA-oxidase activity were altered significantly by both of these auxins at 72 hr after treatment, but no correlation was evident between either of these enzymatic activities and ethylene synthesis in the plants harvested at 8 or 25 hr after auxin application. The failure of both IAA-oxidase and peroxidase to increase due to auxin at 8 hr after treatment while ethylene concentration increased by over 30-fold in both treatments, plus the significant increase in peroxidase and IAA-oxidase activity in response to auxin application after 72 hr. implies that the change in the activity of enzyme(s) assayed may be the result of and not the cause of the accelerated ethylene production. Auxins, as well as ethylene, have been observed to increase peroxidase activity (9, 10, 17) . Many responses to supraoptimal levels of auxins are now known to be actually a response to ethylene whose synthesis was modified by the exogenous auxins (2, 6, 7. 13, 27, 30, 32) . The present stimulation of first internal ethylene levels and subsequently peroxidative IAA-oxidase activity may be another case of auxin acting through modified ethylene synthesis.
The stimulation of peroxidative IAA-oxidase activity only after a definite surge in ethylene synthesis observed in this study supports the conclusion that the processes are independent or that ethylene mediates this change in enzymatic activity. These results, in conjunction with those of the manganese study. strongly indicate that the level of peroxidase, IAA-oxidase, or both is not the rate-limiting factor in the in vivo ethylene-synthesizing system of cotton. If increased ethylene synthesis in cotton is dependent upon induction of a protein, neither IAA-oxidase nor peroxidase appears to be that protein.
The very consistent, highly significant correlation between peroxidase activity and IAA-oxidase activity throughout these studies supports the assumption that the IAA-oxidase system in cotton is peroxidase based and, generally, measurement of one activity indicates the other (13, 28, 29) . Increases in the quantity of peroxidases and the isozyme complement are characteristics of the normal aging process (9) , and it may be useful to view the effects of manganese and auxins on the peroxidative IAA-oxidase system from this perspective. 
